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Integrating Urban Ecosystem Sustainability Assessment into Policy-1 
Making: Insights from the Gold Coast City 2 
Didem Dizdaroglu & Tan Yigitcanlar 3 
Abstract: The impacts of human behaviour on ecosystem functions and dynamics have 4 
significantly increased with mostly irreversible consequences since the mid-twentieth 5 
century. In the global scale, so far two major environmental consequences can be recalled—6 
climate change and loss of biodiversity. As a result of these consequences, there is a need to 7 
revise the current planning and development practices in order to provide more effective land 8 
use policies to protect the sustainability of urban ecosystem. This paper introduces a policy-9 
making support system called ‘Micro-level Urban-ecosystem Sustainability IndeX 10 
(MUSIX)’. The index serves as a sustainability assessment model that monitors six aspects of 11 
urban ecosystem—hydrology, ecology, pollution, location, design and efficiency—based on 12 
parcel-scale indicators. This index is applied in a case study investigation in the Gold Coast 13 
City, Queensland, Australia. The outcomes reveal that there are major environmental 14 
problems caused by increased impervious surfaces from growing urban development in the 15 
study area. The findings suggest increased impervious surfaces are linked to increased 16 
surface runoff, car dependency, transport related pollution, poor public transport accessibility 17 
and unsustainable built environment. This paper presents how the MUSIX outputs can be 18 
used to formulate and implement sustainable urban development policies through proposed 19 
ecological planning strategies. 20 
Keywords: Urban Ecosystem, Sustainability Assessment, Composite Index, Parcel-Scale 21 
Analysis, Gold Coast City. 22 
1. Introduction 23 
Cities are dynamic biological organisms, which consist of population, infrastructure and 24 
built environment, and highly interact with the natural ecosystem. Natural ecosystem is 25 
strongly influenced by the human social system, which is shaped by peoples’ values, 26 
knowledge, lifestyles, social organisations and technologies. As a closed loop system, the 27 
natural ecosystem provides services to the human social system by moving energy, materials 28 
and information to meet their needs. In contrast, energy, materials and information resulting 29 
from human activities move from the social system to the ecosystem by damaging its ability 30 
to continue providing services for the people. At this point, we need to redesign our 31 
technologies and social institutions so as to bridge the gap between urban systems and the 32 
natural ecosystem; or in other words, to build sustainable urban ecosystems (Marten, 2001; 33 
Capra, 2002; Alberti, 2008). 34 
A sustainable urban ecosystem is defined as an ecosystem that exists in and around an 35 
urban settlement that manages the natural environment by: using natural resources 36 
effectively; producing zero waste through recycling and reusing; maintaining ecological 37 
functions and processes through self-regulation; providing resilience against environmental 38 
disturbances, and; flexibility in response to these disturbances (Bolund & Hunhammar, 1999; 39 
Berkowitz et al., 2002).Sustainable design of the urban ecosystem is based on reshaping the 40 
patterns of the cities—including urban form, architecture, design of infrastructure and other 41 
support systems, social and economic processes—to mimic the processes of natural 42 
ecosystems, so that the resulting effects will be relatively natural (Newman & Jennings, 43 
2008). Therefore, sustainability assessment is needed to be integrated into urban planning 44 
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process to regulate the natural processes and control the scale of human activities (Yigitcanlar 45 
& Teriman, 2014). 46 
Sustainability assessment assists the planning authorities at three stages: (1) Ex-ante 47 
assessments carried out at the beginning of the project in order to analyse the potential 48 
negative and positive impacts of proposed project options and help in choosing the best-fit 49 
option; (2) Concurrent assessments carried out during the process of developing the project 50 
in order to monitor the progress towards meeting sustainability goals, and; (3) Ex-post 51 
assessments provide an evaluation of the consequences of the selected project and policies 52 
after a particular period of time in order to mitigate their negative impacts through revisions 53 
(Abaza, 2003; LUDA, 2012). In order to assess environmental performance, examine 54 
ecological limits and provide the long-term protection of environmental quality, sustainability 55 
assessment is a potential planning tool for policy-making. As outlined by the UNEP (2004), 56 
sustainability assessment provides the following benefits: 57 
 Supporting sustainable development: The assessment results: (1) highlight the 58 
economic, social, environmental opportunities and constraints; (2) organise the policy 59 
and decision-making process by reducing the complexity of each stage, and; (3) help 60 
governments to reach proposed sustainability targets. 61 
 Facilitating good governance and institution-building: The integrated assessment: (1) 62 
promotes the transparency of the policy and decision-making process; (2) helps build 63 
social consensus about its acceptability, and; (3) enhances coordination and 64 
collaboration between different government ministries and bodies. 65 
 Saving time and money: The integrated assessment: (1) strengthens the intersectoral 66 
policy coherence; (2) provides early warning of the potential problems, and; (3) 67 
minimises environmental, social and health impacts thereby reducing the costs required 68 
to remedy them. 69 
 Enhancing participatory planning for sustainable communities: The integrated 70 
assessment: (1) increases the awareness of governments and citizens on the significance 71 
of ecosystem functioning, and; (2) strengthens national commitment to sustainable 72 
development. 73 
A wide variety of methods have been developed to assess sustainability of urban 74 
ecosystem (Hardi et al., 1997; Singh et al., 2009; Srinivasan et al., 2011). According to Ness 75 
et al. (2007), these methods are divided into three categories. First category—includes 76 
product-related assessment tools, which investigate the flows related to production and 77 
consumption of goods and services (e.g., Life cycle assessment, Product material flow 78 
analysis). Second category—includes integrated assessment tools, which investigate policy 79 
change or project implementation through developing scenarios (e.g., Environmental impact 80 
assessment, Strategic environmental assessment). Third category—includes sustainability 81 
indicators and composite indices, which provide guidance in the planning process by 82 
detecting the current sustainability performance of an urban area by assessing the impacts of 83 
development pressure on natural resources. Some examples of this category are: ‘Driving 84 
force-Pressure-State-Impact-Response’ indicators, United Nations Centre for Human 85 
Settlements Indicators, European Environment Agency list of core indicators, Millennium 86 
Development Goal Indicators, Environmental Sustainability Index, Environmental 87 
Performance Index, Wellbeing Index and Human Development Index. 88 
As many approaches exist, the research on employing different tools and methodologies to 89 
help policy and decision-making is still in progress. As stated by Schepelmann et al. (2008), 90 
although the guideline documents in the literature often identify the required procedural steps 91 
and checklists, they provide insufficient information about the methodological and analytical 92 
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guidance. As another critical issue, many sustainability assessment approaches evaluate the 93 
social, economic and ecological impacts of policy and decision-making process separately; 94 
hence, they struggle to integrate their separate findings into a single framework (Devuyst et 95 
al., 2001). An example of the methodology for sustainability assessment which is developed 96 
by the International Union for Conservation of Nature and Natural Resources consists of 97 
seven stages as follows (Guijt & Moiseev, 2001): 98 
 Determine the purpose of the sustainability assessment: In this step, the purpose and 99 
objectives of the assessment are clarified. The intended users and participants, its 100 
intended uses and methods are defined. 101 
 Define the system and goals: In this step, the geographic area for the assessment is 102 
defined. A vision and goals for sustainable development are developed and then 103 
recorded. Finally, base maps for the assessment are prepared. 104 
 Clarify dimensions, identify elements and objectives: In this step, the dimensions, 105 
which will be used for measuring performance towards sustainable development are 106 
developed. The elements for all dimensions and the objectives for each element are 107 
identified. Data collection and storage are also carried out. 108 
 Choose indicators and performance criteria: In this step, all selected indicators are 109 
explained in detail and the performance criteria for each indicator are justified.  110 
 Gather data and map indicators: In this step, the indicator scores are calculated and the 111 
scores are mapped. 112 
 Combine indicators and map the indices: In this step, the indicator scores are 113 
aggregated into an index through some methodological steps and the scores are mapped 114 
in order to explain the findings easily. 115 
 Review results and assess implications: This step involves the analysis of the results, 116 
causes and implications as well as identification of the priorities for improvement. The 117 
results of the assessment give a snapshot of the current situation and the findings help 118 
to determine the policies and actions. 119 
The aim of this paper is to introduce a policy-making support tool called ‘Micro-level 120 
Urban-ecosystem Sustainability IndeX (MUSIX)’ for sustainability assessment that combines 121 
six aspects of urban ecosystem—i.e., hydrology, ecology, pollution, location, design and 122 
efficiency—into one composite index based on locally selected parcel-scale indicators. 123 
MUSIX provides a more in-depth discussion of the environmental impacts arising from 124 
development pressure on a residential urban ecosystem in the case of the Gold Coast City by 125 
highlighting recommended environmental policy actions. The paper is structured as follows: 126 
Following this introduction, Section 2 introduces salient characteristics of the case study area, 127 
planning policies of the local council, structure of the MUSIX and findings from the 128 
application of the index. In light of the indexing results, Section 3 puts forward key policy 129 
recommendations to guide the preparation and assessment of development and local area 130 
plans in conjunction with the Gold Coast Planning Scheme. Section 4  concludes the paper 131 
with useful insights from the application of the index. 132 
2. Materials and Methods 133 
2.1. Case Study Area: The Gold Coast City 134 
The Gold Coast City is located on the Eastern coast of Australia in the South East of the 135 
State of Queensland. The city is one of Australia’s most iconic tourist destinations and fastest 136 
growing urban regions covering an area of 1,379 km². The city shows a linear development, 137 
which includes a high rise coastal strip surrounded with highways, canal estates and low-138 
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density housing developments mixed with entertainment, employment and retail activities 139 
(GCCC, 2008a). The population (as of 2011) of the city is approximately 527,828 and the 140 
population density is 395.7 people per km² (ABS, 2011). The community profile is based on 141 
the 2006 Census of Population and Housing published by the Australian Bureau of Statistics 142 
can be summarised as follows (GCCC, 2009a): 22% of the population was aged between 0 143 
and 17, and 20.9% were aged 60 years and over; 24.7% of the population was born overseas, 144 
and 9.4% were from a non-English speaking background; 15.3% of the population earned a 145 
high weekly individual income, and 38.2% earned a low weekly individual income; 37.2% of 146 
the population held educational qualifications, and 46.7% had no qualifications, and; 94.8% 147 
of the labour force was employed, and 5.2% was unemployed. 148 
This study is a part of joint Australian Research Council project that aims to develop 149 
recommendations for the adaptation of current Water Sensitive Urban Design practices to 150 
climate change, changing urban form and future transport systems. The Gold Coast City is 151 
chosen as the test bed for this project. In order to ensure data and content integrity within the 152 
project, four pilot sites, as shown in Figure 1, are selected for the implementation of MUSIX. 153 
In this paper, the findings of Site 4 are presented. Site 4 is a high density residential area 154 
located in Upper Coomera, which is one of the rapid growing suburbs located at the Northern 155 
end of the city with a population of 18,549 including mostly low-income groups (ABS, 156 
2011). Wetlands and sugar cane lands are located on the eastern boundary. On the west, the 157 
suburb is bounded by Brygon Creek which flows into the Coomera River and Hotham Creek. 158 
The suburb has an undulated topography that forms a steep valley to the West. This steeper 159 
land is a vegetated land that is threatened by potential future residential development. The 160 
suburb includes a popular theme park, Dreamworld, a major shopping centre and a university 161 
campus as well as close to the Gold Coast railway line and the Pacific Motorway (GCCC, 162 
2012a). A general map of the area is shown in the Figure 1 (Google Maps, 2013). The area 163 
consists of detached single and two storeys lot dwellings with backyard gardens. The total 164 
size of the pilot area is approximately 272 hectare and the total number of parcels is 1,515. 165 
There is also a state college, Catholic college and an Anglican college located in the area. The 166 
area is highly dependent on motor vehicle use with poor walkability. 167 
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Figure 1. Location of the pilot-test area in the Gold Coast City 169 
2.2. Overview of the Current Planning Policies 170 
The Gold Coast City Council developed planning strategies and projects for the protection 171 
of its ecosystems and sustainable management of its resources, which can be summarised as: 172 
 Climate Change Strategy (2009-2014): The strategy document presents the City 173 
Council’s existing activities and targeted actions to avoid future impacts of climate change. 174 
The strategic outcomes and key actions presented under these headings: (1) Governance and 175 
leadership; (2) Research; (3) Advocacy and awareness; (4) Infrastructure, and; (5) Planning 176 
and regulation (GCCC, 2009b). 177 
 Corporate Plan (2009-2014): The plan identifies the City Council’s six key actions 178 
towards sustainable development: (1) Developing a strong partnership across government, 179 
business and the community; (2) Ensuring the conservation of the city’s biodiversity, 180 
wildlife, vegetation and marine ecosystems; (3) Preparing local plans for transit-orientated 181 
developments based on high quality pedestrian and open space environments; (4) 182 
Implementing crime prevention environmental urban design principles; (5) Encouraging the 183 
development of knowledge-based centres, and; (6)  Promoting affordable and accessible 184 
housing for sustainable communities (GCCC, 2009c). 185 
 Gold Coast Planning Scheme: The Planning Scheme has been prepared as an 186 
instrument under the provisions of the Integrated Planning Act 1997 (IPA). The Planning 187 
Scheme establishes regulatory provisions to achieve ecological sustainability through the 188 
formulation of place codes, development codes, constraint codes and other assessment 189 
criteria that provide guidance for best practice development solutions (GCCC, 2008a). The 190 
Planning Scheme also includes a list of Environmental Performance Indicators that aims to 191 
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measure the effectiveness of the Planning Scheme as well as guide the review process of the 192 
Planning Scheme. 193 
 Nature Conservation Strategy (2009-2019): The plan identifies strategic outcomes 194 
and key actions for the conservation of the city’s biodiversity and natural assets such as 195 
Urban biodiversity program, Ecosystem services assessment, Open Space Preservation Levy 196 
funding, Threatened species research and management, Community environmental grants 197 
program and Ecotourism (GCCC, 2009d). 198 
 Natural Area Management Plans: These plans include sustainability principles and 199 
goals, such as protection of native vegetation and fauna, habitat and wildlife corridors, 200 
bushfire management, pest and weed control, and development of recreational opportunities 201 
(GCCC, 2012b). 202 
 East Coomera Koala Conservation Project: The City Council undertakes a 203 
conservation project for monitoring koalas. Each koala undergoes a health check-up and also 204 
micro-chipped, ear-tagged and fitted with a radio collar for tracking. This project helps to 205 
protect the koala population from development pressures by relocating them from risk areas 206 
(GCCC, 2012c). 207 
 Solid Waste Management Strategy-2020 Vision on Waste: The plan includes strategies 208 
for the sustainable management of the solid waste, such as educational training and 209 
programmes, green waste management practices, development of resource recovery facilities, 210 
waste audit services for businesses, public place recycling, white goods, electronic goods and 211 
waste collection services (GCCC, 2002). 212 
 The Pimpama Coomera Waterfuture Master Plan: The plan is an integrated urban 213 
water management strategy that guides the sustainable management of water resources in the 214 
Pimpama Coomera region. The international award winning plan includes strategies such as 215 
the introduction of alternate water sources, such as recycled water and rainwater tanks, water 216 
sensitive urban design, water efficient garden design, irrigation and cost saving tips (GCCC, 217 
2008b). 218 
2.3. The MUSIX Model 219 
The model entitled the ‘Micro-level Urban-ecosystem Sustainability IndeX’ (MUSIX) is 220 
an indicator-based indexing model, which investigates the environmental impacts of an 221 
existing urban area with the aim to identify the interaction between urban ecosystem 222 
components and human activities (Dizdaroglu et al., 2012). MUSIX is constructed by the 223 
following steps: 224 
2.3.1 Theoretical Framework 225 
This step identifies the main objectives that underpin the methodological approach adapted 226 
in the model. Accordingly, this step clarifies the relevant indicators and dataset that are 227 
related to the desirable outcomes followed by the development of policies. The theoretical 228 
framework of the MUSIX is based on developing a sustainable urban ecosystem, which aims 229 
to integrate human activities into natural systems by carrying out environmental policies to 230 
ensure their long-term sustainability. To achieve sustainable urban ecosystem, MUSIX 231 
focuses on two overarching objectives: (1) Ecological resilience of the natural environment 232 
by preserving the ecosystem's stability through improving its resistance to tolerate the 233 
damage of human activities, and; (2) Sustainable development of the built environment 234 
towards eco-friendly architectural design and urban planning. These two objectives are 235 
gauged using 14 indicators tracked in six core policy categories which are combined to create 236 
the final sustainability performance score: (1) Hydrological conservation; (2) Ecological 237 
protection; (3) Environmental quality; (4) Sustainable mobility and accessibility; (5) 238 
Sustainable design of urban environment, and; (6) The use of renewable resources. 239 
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2.3.2 Indicator Selection and Data Collection 240 
To measure the sustainability performance of the urban ecosystem, a set of relevant 241 
indicators was developed through a comprehensive review of existing indicator initiatives 242 
(UNCSD, 2001; OECD, 2003; EEA, 2005; Japan Sustainable Building Consortium, 2007; 243 
SEDAC, 2007; U.S. Green Building Council, 2008, 2009). Additionally, an expert panel was 244 
established to reach a consensus on the desired indicators. The panel members were 245 
composed of academics, researchers and professionals who are familiar with the 246 
characteristics of the local area and current planning policies. Through a series of workshops, 247 
experts provided useful insights into the selection of relevant indicators for the policy 248 
formulation process. MUSIX utilised the best environmental data available and indicators 249 
were selected through consideration of the local environmental problems within the pilot test-250 
bed Gold Coast City. 251 
2.3.3 Normalisation and Calculation of Indicators 252 
Benchmarking normalisation was employed to remove the scale effects of different units 253 
by standardising the original indicator units to normalised units. By reviewing various studies 254 
in the literature, benchmark values for each indicator were assigned according to their 255 
minimum and maximum impacts on environmental sustainability. Similar to the 5 point 256 
Likert scale used for the FEEM Sustainability Index (Carraro et al., 2009), each indicator is 257 
expressed as a value between 1 and 5 indicating different levels of sustainability: (1) Low 258 
(extremely unsustainable situation); (2) Medium-Low (not sustainable but not as severely as 259 
in the previous level); (3) Medium (a discrete level of sustainability); (4) Medium-High 260 
(satisfactory level of sustainability but not on target), and; (5) High (target level of 261 
sustainability). 262 
2.3.4 Multivariate Analysis 263 
A statistical analysis was employed to examine the underlying structure of the data. 264 
Firstly, a Kolmogorov-Smirnov test was performed to investigate the distribution of the 265 
indicator dataset. As a result of the non-normal distribution of dataset, the Spearman’s rank 266 
correlation analysis was conducted to examine the relationship between the indicators with 267 
reference to a number of similar studies (e.g., Pinho & Orgaz, 2000; Raju et al., 2000; Saltelli 268 
et al., 2004; Dramstad et al., 2006; Schulman & Peters, 2008; Can et al., 2011; Rinner & 269 
Hussain, 2011). A high correlation was found between (‘evapotranspiration’ and ‘surface 270 
runoff’, r=0,734), (‘stormwater pollution’ and ‘air pollution’, r=0,648) and (‘proximity to 271 
land-use destinations’ and ‘access to public transport stops’, r=0,731) indicators. It needs to 272 
be mentioned that these indicators measured different variables by using different calculation 273 
methods. Additionally, the correlation analysis was conducted based on the normalised 274 
indicator values (between 1 and 5); hence, it was expected to see a high correlation between 275 
the scores. 276 
2.3.5 Spatial Analysis 277 
Spatial analysis of the study area was carried out through aerial remote sensing data with 278 
the use of ArcGIS software. From visual and digital interpretations of the aerial photo 279 
imagery derived from Google Maps, the total area of each land cover type within parcels 280 
were measured by using the ArcGIS Analysis tool. The land cover classification was based 281 
on nine main types: roof-building; pavement; driveway; cycleway; walkway; tree-shrub; 282 
water; turf-grass, and; barren soil. 283 
2.3.6 Weighting 284 
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For this study, expert opinion weighting was selected due to the spatial scale and scope of 285 
the research. MUSIX is developed to measure the local-level environmental performance of 286 
an urban area. In this sense, consultation of local expert’s opinion helps to reflect the 287 
implications of the current planning policies, local environmental issues and needs of the 288 
study area. Secondly, MUSIX is developed as an assessment tool to serve in policy-making 289 
process. In this sense, the model results are highly benefited from the input from developers, 290 
planners and policy makers that consist of the expert survey participants. The results indicate 291 
that experts assigned ‘energy conservation’ as the most important indicator and they assigned 292 
‘noise pollution’ as the least important indicator. Moreover, the results show that all 293 
indicators met the minimum required relevance rate of 3 and above so that they were 294 
confirmed by experts as key components in environmental sustainability assessment. 295 
2.3.7 Aggregation 296 
This step is composed of two different aggregation stages. Firstly, an arithmetic 297 
aggregation was conducted. Additive aggregation is basically the arithmetic average of the 298 
weighted and normalised indicator scores. The composite index score was calculated by the 299 
following formula. 300 
         (1) 301 
Where n is the number of indicators, ݓ௜	is the weight for indicator i, and ݔ௜ is the 302 
normalised indicator value. 303 
Secondly, a spatial aggregation was conducted. The study area was divided into 100x100 304 
metre grid cells and ArcGIS software was used to transfer parcel-scale aggregated composite 305 
index scores into grid cell scores. Each parcel’s composite index score is multiplied by its 306 
area percentage within the grid cell and then summed into a single composite score for each 307 
grid cell. Finally, the composite index score was presented in five comparative sustainability 308 
levels: as suggested by Yigitcanlar et al. (2007), Yigitcanlar & Dur (2010) and Dur & 309 
Yigitcanlar (2014), low (0.00-1.00), medium-low (1.01-2.00), medium (2.01-3.00), medium-310 
high (3.01-4.00), and high (4.01-5.00). 311 
2.3.8 Sensitivity Analysis 312 
A sensitivity analysis was performed to assess the robustness of the model, and investigate 313 
the potential changes and their impact on the results derived from the model. As the first part 314 
of the sensitivity analysis of the model, alternative techniques were applied in the weighting 315 
and aggregation procedures as follows: (1) Equal weighting; (2) Factor analysis, and; (3) 316 
Geometric aggregation. The composite index scores were calculated by using different 317 
combinations of alternative methodological techniques. The results of the sensitivity analysis 318 
showed that the MUSIX scores are reliable and not highly sensitive to changes in the 319 
weighting or aggregation methods. The correlation analysis revealed that the impact of any of 320 
these assumptions is negligible overall as the correlations between the MUSIX model results 321 
and the others is greater than 0.9. 322 
As the second part of the sensitivity analysis, the impact of an underlying indicator on 323 
overall outcome of the model was assessed through performing exclusion of one indicator at 324 
a time. The analysis was conducted via removing one indicator at a time and then 325 
recalculating a reduced model score. A low correlation between the MUSIX score and 326 
reduced model score implies that the model is highly sensitive to the exclusion of that 327 
indicator. The analysis revealed that the correlation between the MUSIX score and the 328 
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reduced model scores are greater than 0.5, which is considered to be acceptable (Katz, 1999; 329 
Lehman et al., 2005; Morien, 2006; Christmann & Badgett, 2009). The removal of indicators 330 
does not significantly change the overall MUSIX score. 331 
2.4. Interpretation of the Model Results 332 
Findings of the MUSIX and policy applications were presented in a clear and accurate 333 
manner through ArcGIS maps. Parcel-scale findings are discussed below and the 334 
sustainability performances of the site are illustrated in Figure 2. 335 
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MAIN CATEGORY: NATURAL ENVIRONMENT 
SUB-CATEGORY: HYDROLOGY 
Evapotranspiration Surface Runoff 
 
SUB-CATEGORY: ECOLOGY 
Urban Habitat Microclimate 
SUB-CATEGORY: POLLUTION 
Stormwater Pollution Air Pollution 
Noise Pollution 
 336 
Figure 2.Parcel-level findings of the indicators 337 
11 
 
MAIN CATEGORY: BUILT ENVIRONMENT 
SUB-CATEGORY: DESIGN 
Lot Design Landscape Design 
SUB-CATEGORY: EFFICIENCY 
Energy Conservation Water Conservation 
SUB-CATEGORY: LOCATION 
Proximity to Land Use Destinations Access to Public Transport Stops 
 
Walkability 
   338 
Figure 2 (Cont’d) 339 
 340 
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The first category, “Site Hydrology”, consists of two performance indicators which are: 341 
(1) Evapotranspiration—investigates the changes in Evapotranspiration rates resulting from 342 
impervious surfaces, and; (2) Surface Runoff—investigates the surface runoff rates of 343 
different land cover types. The overall sustainability performance score of this category is 344 
predominantly in the medium-low (1.01-2.00) to medium (2.01-3.00) ranges. Specifically, the 345 
large percentage of impervious surfaces (44-88%) due to high-density development lowers 346 
the rate of Evapotranspiration (%33) in the area. Moreover, as a result of auto-dependent 347 
development, the area is largely covered by paved surfaces (e.g., asphalt, concrete); hence, 348 
the results show increased rates of surface runoff (51-75%). 349 
The second category, “Site Ecology”, consists of two performance indicators which are: 350 
(1) Urban Habitat—investigates the environmental quality in the urban development by 351 
measuring the green area ratio, and; (2) Microclimate—investigates the urban heat island 352 
effect of impervious surfaces on the microclimate by measuring the albedo of surfaces. The 353 
overall sustainability performance score of this category is predominantly medium (2.01-354 
3.00). As most of the parcels have large amounts of impervious surfaces, the results 355 
demonstrate very low green area ratio (< 20%) in the area. There are only a few large urban 356 
green spaces in the site; which unfortunately, are threatened by development pressure. The 357 
microclimate and thermal effect of the site is generally favourable (the albedo value of the 358 
surfaces are in the 21.4-27% range) as parcels mostly have light-coloured roofs and surfaces 359 
related to the climatic conditions. 360 
The third category, “Site Pollution”, consists of three performance indicators which are: 361 
(1) Stormwater Pollution—investigates transport related stormwater runoff pollution, (2) Air 362 
Pollution—investigates transport related air pollution, and; (3) Noise Pollution—investigates 363 
transport related noise pollution. The overall sustainability performance score of this category 364 
is medium-high (3.01-4.00). The pilot site is located in the periphery of the city adjacent to 365 
the woodlands, hence; the results represent a good picture of stormwater quality (0.03-0.10 366 
mg/L) and air quality (0.000-0.050 μg/m³). Exclusively, parcels, which are close to the main 367 
arterial roads, are exposed to high levels of noise pollution (56-65dBA). 368 
The fourth category, “Site Design”, consists of two performance indicators which are: (1) 369 
Lot Design—investigates the implementation of passive solar design principles within the 370 
existing parcel plan, and; (2) Landscape Design—investigates the implementation of 371 
subtropical landscape design principles within the existing parcel plan. The overall 372 
sustainability performance score of this category is predominantly low (0.00-1.00). Climate 373 
responsive design plays a role in encouraging energy efficiency of subtropical regions like 374 
the study area. Unfortunately, most of the parcel layouts do not meet passive solar design 375 
principles such as lot shape, building orientation, solar access and so on. Due to high-density 376 
development, most of the parcels do not have gardens or green spaces; hence, the site 377 
presents very poor performance regarding subtropical landscape design. 378 
The fifth category, “Site Efficiency”, consists of two performance indicators which are: 379 
(1) Energy Conservation—investigates the implementation of energy efficient design 380 
principles within the existing parcel plan, and; (2) Water Conservation—investigates the 381 
implementation of water efficient design principles within the existing parcel plan. The 382 
overall sustainability performance score of this category is predominantly in the medium 383 
(2.01-3.00) to medium-low (1.01-2.00) ranges. The results show that existing parcel layouts 384 
do not meet the principles of energy and water efficient designs. Most of the parcels do not 385 
use sustainable energy sources such as solar panels. However, the water conservation of the 386 
site is generally favourable as the results indicate a high rate of rainwater tank usage. 387 
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The sixth category, “Site Location”, consists of three performance indicators which are: 388 
(1) Proximity to Land-Use Destinations—investigates the accessibility of the site to the land-389 
use destinations within walking distance (800 m); (2) Access to Public Transport Stops—390 
investigates the accessibility of the site by public transport, and; (3) Walkability—investigates 391 
the site accessibility by looking at the design of streets and pedestrian ways. The overall 392 
sustainability performance score of this category is medium (2.01-3.00).The results indicate 393 
that the area has limited accessibility to land-use destinations by walking (Neighbourhood 394 
Destination Accessibility Index (NDAI): 35-68). Specifically, the northern part of the site has 395 
very limited accessibility to land use destinations by walking (NDAI: 0-14) as well as access 396 
to public transport stops (801 meter <). Except the northern part, the area has a good public 397 
transport access (201-400 meter) in general. Lastly, the area is highly dependent on motor 398 
vehicle use, hence; the neighbourhood is not walkable. The results demonstrate that the 399 
design of pedestrian ways and bikeways need to be improved in order to improve the 400 
walkability of the streets. 401 
In addition to parcel-scale information, the outcomes of this study are also presented at the 402 
grid cell scale to easily integrate parcel-scale model outputs with the different scale 403 
assessment tools in the local planning process. Composite index maps of the site are 404 
illustrated in Figure 3. 405 
Parcel-Level Composite Index Score Grid-Based Composite Index Score 
   406 
Figure 3. Grid-based composite index scores 407 
The grid-based composite index score of the area is medium (2.01-3.00). The composite 408 
index score shows that there are major environmental impacts in the study area arising from 409 
increased impervious surfaces due to urban development. According to the findings, the 410 
growing residential pressure in the area results in increased impervious surfaces, which have 411 
significant impacts on the site hydrology through increased surface runoff. In addition, the 412 
car-dependent pattern of development in the area contributes to surface runoff by creating 413 
more impervious surfaces and increases the risk of the transport of pollutants to the 414 
waterways. An increase in the impervious surfaces also affects the ecology of the study area 415 
by clearing natural vegetation. The development patterns in the study area create an 416 
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environment that discourages pedestrian and bicycle travel. As the study area is highly 417 
dependent on motor vehicle use, there is limited accessibility by walking—800m—to land-418 
use destinations such as convenience stores, shopping malls, banks, ATMs, cafes and 419 
restaurants. Lastly, the results indicate that climate responsive design strategies in terms of 420 
energy and water efficiency aspects are not common in the study area.  421 
3. Application of the Model Outputs in Policy-Making 422 
A conceptual framework for the environmental assessment and reporting structure of the 423 
MUSIX, which is adapted from the Driving force-Pressure-State-Impact-Response (DPSIR) 424 
framework was developed to examine the linkages between human activities and urban 425 
ecosystems by clarifying the complex relationship between them (Figure 4). This framework 426 
provides a conceptual basis for the policy recommendations. As shown in Figure 4, each 427 
component of this framework represents the following aspects of the model: Driving forces 428 
are the bottom-line causes of environmental pressures on the urban ecosystem; Pressures are 429 
the environmental problems occurred as a result of driving forces; State variable corresponds 430 
to the indicator sub-category set of the model that express the pressures on ecosystem 431 
components of the study area; Impacts variable refers to the selected indicators of the model 432 
that monitor the level of impact for each ecosystem component, and; Responses are the 433 
actions that are taken in order to achieve sustainable urban development. 434 
 435 
Figure 4. DPSIR framework of MUSIX (Dizdaroglu & Yigitcanlar, 2014) 436 
In light of the model findings, the issues, related policy objectives and proposed ecological 437 
planning principles can be categorised based on the DPSIR framework under the following 438 
headings (see Table 1): 439 
 440 
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Table 1. Policy recommendations based on the DPSIR framework441 
Policy objective (1) Establishing hydrological conservation through sustainable stormwater 
management to preserve the Earth’s water cycle and aquatic ecosystems. 
Driving Force: The model detected that there is growing environmental pressure in the study area due to 
rapid urban development. 
Pressure: As a result of rapid urban development, increased built and paved surfaces lead to less 
evapotranspiration as well as infiltration and increased runoff from urban areas, which affect the catchment 
hydrology. 
State: The selected indicators for monitoring the pressures and problems in the area are: (1) 
evapotranspiration, and; (2) surface runoff. 
Impacts: The selected indicators measure the sustainability performance of site hydrology. 
Responses: The policy recommendations are as follows: 
 The sustainable stormwater management and flood prevention needs to be provided through 
improving green infrastructure. The results show that the type of development, such as canal estates has 
adverse impacts on stormwater quantity. In this context, green infrastructure emerges as a valuable tool to 
mitigate the negative impacts. 
 The natural hydrological balance of the study area needs to be protected by water sensitive urban 
design i.e., the Pimpama Coomera Waterfuture Project which guides the implementation of a fully integrated 
urban water management strategy in the Pimpama-Coomera region of GCC. Water sensitive urban design 
practices, such as swales, bioretention trenches and rain gardens provide an integrated approach to surface 
runoff management. 
 The results show that transport-related activities in the study area cause stormwater pollution. 
Therefore, pollutants from stormwater runoff need to be removed by using infiltration basins, pollutant traps, 
constructed wetlands and vegetated buffers. 
 The runoff and peak flows needs to be reduced by using highly water-retaining roofing systems, 
vegetated rooftops, rain barrels and permeable paving. 
 The evapotranspiration balance of the study area needs to be improved through increased vegetated 
surfaces, which also contribute cooling air temperature by absorbing radiation from impervious surfaces. 
Policy objective (2) Providing ecological conservation through sustainable ecosystem management to 
protect biological diversity and maintain the integrity of natural ecosystems. 
Driving Force: The model detected that there is a growing environmental pressure in the study area due to 
climate change. 
Pressure: Increased built and paved surfaces are linked to global warming and cause climate change that 
results in the urban heat island effect and loss of biodiversity. 
State: The selected indicators for monitoring the pressures and problems in the area are: (1) urban habitat, 
and; (2) microclimate. 
Impacts: The selected indicators measure the sustainability performance of site ecology. 
Responses: The policy recommendations are as follows: 
 The results show that canal-estate development has adverse impacts on urban habitat through the 
clearing of natural vegetation. Therefore, the maintenance of the existing native biodiversity and natural 
ecosystems needs to be provided through improving urban green spaces. 
 There is a growing land clearing and urban development in the area. Therefore, the rehabilitation of 
endangered and threatened species needs to be provided. A wildlife habitat also needs to be provided in order 
to continue their migration, nesting and breeding maintenances. 
 The community awareness of environmental issues in the area as well as the need for protection of 
ecosystems and biodiversity needs to be promoted. Additionally, the new developments need to be focused 
on previously developed, degraded or Brownfield sites that have no ecological value. 
 The results show that the study area is losing its native vegetation cover from increased impervious 
surfaces and canal construction. Therefore, the city's green space network needs to be improved through 
creating public parks, greenways, community gardens, green roofs or green walls. 
 As a result of increased paved surfaces, the heat island effect needs to be mitigated by using highly 
reflective materials, light-coloured surfaces and green or shaded surfaces.  442 
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Table 1. (Cont’d)443 
Policy objective (3) Improving environmental quality through developing pollution prevention 
regulations and policies to promote high quality water resources, clean air and enhanced ecosystem 
health. 
Driving Force: The model detected that there is a growing environmental pressure in the study area due to 
automobile oriented land-use patterns. 
Pressure: The evolution of technological change, the introduction of motorised vehicles and the automobile 
oriented land-use patterns have a distinctive impact on environmental quality including air, water and noise 
pollution. 
State: The selected indicators for monitoring the pressures and problems in the area are: (1) stormwater 
pollution, (2) air pollution, and; (3) noise pollution. 
Impacts: The selected indicators measure the sustainability performance of environmental quality of the site. 
Responses: The policy recommendations are as follows: 
 As a feature of urban development, the study area is made up of a series of human-made canals and 
waterfront dwellings that affect the water quality. In this context, the natural hydrology of the water systems 
needs to be protected by reducing the construction of man-made water bodies, such as reservoirs, canals and 
ponds.  
 The results show that people who live close to major arterial roads are exposed to high levels of 
noise pollution. The impact of noise pollution needs to be reduced through appropriate planting, sound 
insulation or other construction techniques. 
 The results show that there is a growing stormwater pollution problem due to the high level of car 
dependency in the study area. Therefore, transport-related air pollution and emissions need to be reduced by 
promoting green transportation. 
 In addition to providing outdoor environmental quality, the indoor environmental quality and health 
in the study area also needs to be improved through green building design strategies. 
 To improve environmental quality within the study area, greenbelt development also needs to be 
encouraged. Moreover, greenbelt development improves the aesthetic quality of the study area. 
Policy objective (4) Sustainable design of urban environment through climate responsive design to 
increase the efficient use of solar energy for providing thermal comfort. 
Driving Force: The model detected that there is a growing environmental pressure in the study area due to 
population growth. 
Pressure: As a result of urban sprawl, the layout of new developments alters the natural environment and 
creates a built environment and communities that are unsustainable. 
State: The selected indicators for monitoring the pressures and problems in the area are: (1) lot design, and; 
(2) landscape design. 
Impacts: The selected indicators measure the sustainability performance of site design. 
Responses: The policy recommendations are as follows: 
 The results show that conversion of vegetated surfaces to impervious surfaces alters the 
microclimate and thermal effect of the study area. In this context, the microclimate needs to be improved by 
controlling solar radiation, humidity, wind and air temperature. 
 To improve thermal comfort, energy conservation needs to be encouraged through passive design 
strategies, such as solar orientation, passive heating and cooling, natural ventilation and thermal mass.  
 Energy conservation also needs to be encouraged through climate responsive landscape design. 
Climate responsive landscape design reduces heating and cooling energy needs as well as improves the 
comfort level of outdoor spaces by shading in subtropical regions like the study area.  
 There are many significant effects of buildings on the thermal comfort through design, material 
form, types and colours. Therefore, thermal comfort needs to be improved by using climate responsive 
building and pavement materials as well as creating outdoor living spaces, such as courtyards, verandas or 
green roofs. 
 The results show that the study area lacks green spaces. Therefore, eco-friendly landscape design 
needs to be integrated into the built environment in order to support local biodiversity by using endemic 
vegetation.  444 
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Table 1. (Cont’d) 446 
Policy objective (5) Use of renewable resources through creating efficient communities to provide a 
long-term management of natural resources for the sustainability of future generations. 
Driving Force: The model detected that there is growing environmental pressure in the study area due to 
over consumption. 
Pressure: Private households make significant contributions to environmental sustainability in terms of 
resource consumption. 
State: The selected indicators for monitoring the pressures and problems in the area are: (1) energy 
conservation, and; (2) water conservation. 
Impacts: The selected indicators measure the sustainability performance of site efficiency. 
Responses: The results show that implementation of energy and water saving strategies is not common in the 
study area. In this context, more efficient use of resources needs to be provided by: 
 Encouraging alternative sources such as photovoltaic panels and solar water heating;  
 Using sustainable and renewable materials in building and pavement construction; 
 Encouraging reuse of vegetative debris for landscaping or composting purposes; 
 Improving water use efficiency through water-saving systems such as rainwater harvesting, recycled 
water reticulation and grey water reuse; 
 Minimising outdoor water use through water efficient landscaping and irrigation systems; 
 Encouraging swimming pool efficiency through use of pool covers, rainwater tanks, energy-efficient 
pump and filtration systems, and; 
 Sustainable waste management though recycling, reusing and reducing waste. 
Policy objective (6) Creating sustainable mobility and accessibility through designing better local 
services and walkable neighbourhoods to promote safe environments and healthy communities. 
Driving Force: The model detected that there is growing environmental pressure in the study area due to 
urban sprawl. 
Pressure: Increased demand for human needs resource consumption lead to more intense and complex 
patterns of land use. These dispersed, automobile oriented land-use patterns degrade environment by creating 
unliveable neighbourhoods. 
State: The selected indicators for monitoring the pressures and problems in the area are: (1) proximity to land 
use destinations, (2) access to public transport stops, and; (3) walkability. 
Impacts: The selected indicators measure the sustainability performance of site location. 
Responses: The policy recommendations are as follows: 
 As a result of automobile oriented land-use patterns in the study area, the automobile dependency 
needs to be reduced by providing different transport modes and mixed-use neighbourhood centres. Moreover, 
walking and cycling activities needs to be encouraged through designing safe and well-connected walking 
and cycling pathways. 
 The results show that there is no easy access to public services within walking distance and that the 
alternative modes of transportation, such as bicycles and buses, are inadequate. In this context, public 
transport needs to be encouraged in the area by providing efficient public transport routes and times.  
 To reduce automobile dependency, new residential and commercial developments need to be located 
close to local services and amenities. Furthermore, an easy access to open spaces needs to be provided to 
encourage physical recreational activities. 
 The study area needs to be designed a people-orientated city through walkable, appealing and 
comfortable streets. A safe and convenient environment also needs to be provided with crime prevention 
through environmental design. 
 447 
 448 
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4. Conclusion 449 
As a tourist attraction and vibrant economic hub, the Gold Coast City confronts major 450 
environmental problems depending on its high population growth rate, expanding urban 451 
development and transport infrastructure. These environmental pressures have significant 452 
impacts on coastal environments and water resources. According to the Commonwealth 453 
Scientific and Industrial Research Organisation (CSIRO, 2007) studies, in the coming years, 454 
the number of dry days in the Gold Coast City is expected to be extended and precipitation 455 
events are expected to be more intense, which will bring extreme drought and flood events. 456 
Furthermore, as most of the population live on reclaimed dunes, coastal areas and constructed 457 
canal estates, the residential pressures is expected to be even heavier than today’s (Baum et 458 
al., 2009). Beach erosion and high waves from tropical cyclones are already an 459 
environmental issue that threatens the infrastructure along the Gold Coast (Voice et al., 460 
2006). In this regard, the City Council works to protect its natural ecosystems and resources 461 
through developing a range of strategies, programmes and regulations which are briefly 462 
summarised earlier. 463 
As a contribution to this planning process, MUSIX provides a snapshot of the local 464 
environmental situation by evaluating the effects of implemented policies and actions on the 465 
urban ecosystem components (i.e., hydrology, ecology, pollution, location, design and 466 
efficiency). Thus, it can be used as an assessment tool for the local planning scheme to guide 467 
the development of sustainable policies targeting preservation and enhancement of the 468 
aforementioned urban ecosystem components. MUSIX also assists different stakeholders to 469 
discuss and develop sustainability policies as follows: (1) The model helps master planned 470 
communities and developers to rate the sustainability of their development which can also be 471 
linked to other sustainability rating systems—such as BREEAM, LEED, Green Star, and 472 
CASBEE; (2) The model assists local governments to detect environmentally problematic 473 
areas in the existing settlements, thereby; this information can be used to improve the future 474 
development of infrastructure and services, and; (3) The model increases the awareness of 475 
individual residents on the environmental issues and the model findings can be used by them 476 
to make sustainable improvements in their residential parcels.  477 
On the other hand, MUSIX has limitations. The main limitation of this research was the 478 
lack of reliable data during the indicator selection. At the beginning of the study, a 479 
comprehensive list of indicators was developed. However, the indicators which are related to 480 
socio-economic structure of the urban ecosystem (e.g., household density, income, education, 481 
family size, immigration status) were excluded due to problems with individual or household 482 
level data collection and privacy issues. The indicators were selected by considering land use 483 
characteristics and data availability of the Gold Coast area. The same indicator list can be 484 
adapted and applied by other local authorities within the greater region. To implement this 485 
methodology indifferent local areas, the indicator-base of the model need to be customised 486 
regarding to the land use and environmental characteristics and parcel-scale data coverage. 487 
Furthermore, some challenges occurred during land cover detection through aerial remote 488 
sensing data. Because of poor data resolution, weather conditions or shadowing issues, the 489 
images were not detectable for some residential areas, hence; some practical and time-490 
efficient solutions were implemented for the success of the study. 491 
Finally, MUSIX is currently assessing the environmental aspects of sustainability, which 492 
is only part of the complete picture of sustainability. As an extension of this study, by 493 
integrating with the social and economic aspects of sustainability, the model can be further 494 
developed to measure the sustainability performance of other local contexts. Additionally, 495 
MUSIX is also planned to accommodate a new module for evaluating alternative 496 
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development scenarios. In this manner, the model will provide information to compare during 497 
the evaluation of proposed development projects or plans. It will help practitioners to choose 498 
the most appropriate plan to accomplish sustainability goals. It will also provide collaboration 499 
between different government ministries and bodies that are needed to ensure the creation of 500 
sustainable urban ecosystems. 501 
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